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SPECIFICATIONS 



1 . Title of the Invention: Production of Block Copolymer Containing Polyvinyl Alcohol 

Polymer As Component 

2. Detailed Explanation of the Invention 

(1) Production of block copolymer containing polyvinyl alcohol as one component, 
represented by the general formula P . SH, wherein P contains structural units A, B described 
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below, and the content of A is 100 50 mol%; characterized by the fact that a radical- 
polymerizable monomer is radical-polymerized in the presence of a polyvinyl alcohol polymer 
having a mercapto group at the end with a polymerization degree of less than 3500; 



a* 
I 

A : -f CH2 - C 

OH 

R' 

i 

B ; -f CH2 - C ^ 

0 ™0 - 



(in this formula, = H or it represents a hydrocarbon having from 1 to 6 carbons, = 
H or it represents a hydrocarbon group having from 1 to 20 carbons). 

(2) The production of block copolymer described in claim 1, characterized by the fact that R^ 
= H, and R^ = CH3. 

3. Detailed Description of the Invention 

The present invention relates to a method to produce block copolymer containing 
polyvinyl alcohol polymer as one component, hi addition, more specifically it relates to a method 
to produce block copolymer containing polyvinyl alcohol as a component, represented by the 
general formula P . SH, wherein P contains structural units A, B described below, and the 
content of A is 100 - 50 mol%, characterized by the fact that a radical-polymerizable monomer 
is radical-polymerized in the presence of a polyvinyl alcohol polymer having a mercapto group 
at the end with a polymerization degree of less than 3500. 
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1 0 

Qn this formula, R = H or it is reprsents a hydrocarbon having from 1 to 6 carbons, R = 
H or it represents a hydrocarbon base having from 1 to 20 carbons). 

Block copolymers that are combined with polymer components having different 
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properties are known to possess differing physical properties corresponding to a variety of 
combined polymerization components. In addition to being used in impact resistant resins, high- 
molecular emulsifiers, dispersion agents and the like, they have been attracting attention most 
recently also as membrane materials, materials for medical treatment, and there are also many 
other research examples that are based on block copolymers. 

Although polyvinyl alcohol polymers (hereinafter referred to by the abbreviation PVA) 
are used for many types of research and applications relating to graft polymers that are based on 
the PVA type of polymer, there are basically no examples of block polymers containing the PVA 
polymer as one of its components. Nevertheless, it is well known about the PVA polymer, which 
is a crystalline high-molecular polymer with a small number of aqueous molecules, that this 
polymer is not commonly used as an aqueous polymer although it has excellent chemical 
characteristics and interface chemical properties. Because block polymers having the PVA 
polymer as one component possess excellent characteristics contained in the PVA polymer, it 
can be expected that novel properties will be imparted to such materials. 

The inventors of the present invention have achieved as a result of intensive research 
related to a method to manufacture a block copolymer containing the PVA polymer as one 
component a perfection of the present invention by discovering a method making it possible to 
manufacture a block copolymer having a PVA polymer as one component by radical- 
polymerizing a polymerizable monomer expressed by the generation formula P . SH, wherein P 
contains structural units A, B described below, and the content of A is 100 50 mol%, 
characterized by the fact that a radical-polymerizable monomer is radical-polymerized in the 
presence of a polyvinyl alcohol polymer having a mercapto group at the end with a 
polymerization degree of less than 3500; 

I 

OH 

H ; -<-CH2 ~ C 

O - G " 
n 
O 

(in this formula, = H or it expresses a hydrocarbon group having from 1 to 6 
carbons, for instance an alkyl group, = H or a hydrocarbon group having from 1 to 20 
carbons, for instance an alkyl group). 

The PVA polymer used in this invention having a mercapto group at the end can be 
obtained by a customary method enabling to obtain a polyvinyl ester polymer by polymerizing of 
a vinyl monomer having as its main component the vinyl monomer ester type of monomer in the 
presence of thiolic acid. The manufacturing method thereof is explained below. 
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First, the thiolic acid used in this case contains an organic thiolic acid having the -COSH 
group. Although among desirable examples of such an acid are for example thiolacetic acid, thiol 
propinoic acetate, thiol butyric acid, thiol valeric acid or the Uke, thiolacetic acid is the most 
suitable among these items due to its decomposition characteristics. 

hi addition, any vinyl ester can be used as long as the vinyl ester is radical-polymerizable. 
While suitable examples include for instance vinyl xanthate, vinyl acetate, vinyl propionate, 
vinyl versatate, vinyl laurate, vinyl stearate, etc., vinyl acetate is the most suitable among these 
examples due to its polymerization characteristics, hi addition, these vinyl esters can be 
copolymerized in the presence of a copolymerizable monomer. Examples of monomers that can 
be named include for instance ethylene, propylene, isobutylene, salts of acrylic acid or 
methacrylic acid or acryl esters thereof, as well as acrylonitrile, methacrylonitrile, acryl amide, 
methacryl amide, trimethyl-(3-acrylamido-3-dimethylpropyl)-ammonium chloride, ethyl vinyl 
ether, butyl vinyl ether, N- vinyl pyrrolidine, vinyl chloride, vinyl bromide, vinyl fluoride, 
vinylidene chloride, vinylidene fluoride, tetrafluoroethylene and the like. 

Although the polymerization of vinyl monomer containing as its main component vinyl 
acetate or another type of vinyl ester in the presence of thiolic acid can be conducted with any 
method such as the lump polymerization method in the presence of a radical polymerization 
initiating agent, or with the solution polymerization method, the pearl polymerization method, or 
the emulsion polymerization method, the solution polymerization method is advantageous for 
industrial purposes. 

[page 3] 

Although no particular limitations are imposed on the amount to be added to the 
polymerization system of the thiolic acid present during polymerization or on the addition 
method, a suitable determination should be made depending on the physical values of the 
polyvinyl ester-based polymer. The batch method, the semi-continuous method, the continuous 
method, or a similar well known method can be used for the polymerization method. 

While it is possible to employ for the polymerization initiator 2,2 -azobisisobutylonitrile, 
benzoyl peroxide, carbonate peroxide or another well known radical polymerization initiating 
agent can be used, 2,2'-azobisisobutylonitrile or a similar polymerization initiator is desirable as 
it is easy to handle, hi addition, irradiation with radioactive rays or electron beams can be also 
used. And while it is also desirable to select a suitable temperature for the polymerization 
temperature depending on the type of the initiator that is used, temperature in the range of 30 ~ 
90°C is normally selected. A polyvinyl ester-based polymer containing a thiolic acid ester base 
at the end can thus be obtained by removing the vinyl ester after the end of polymerization when 
polymerization has been conducted for a specified period of time. 

A customary method can be also used to achieve saponification of the polyvinyl ester- 
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based polymer obtained in this manner, although it is particularly advantageous when a common 
copolymer is used with an alcohol solvent as methanol solvent. Not only anhydrous alcohol, but 
also an alcohol containing a small amount of water can be utilized depending on the purpose. 
Moreover, any organic solvent can be also contained, such as methyl acetate, ethyl acetate, or the 
like. The temperature for saponification should be chosen in the range of 10 - 70° C. A desirable 
saponification catalyst is sodium hydroxide, potassium hydroxide, sodium methylate, potassium 
methylate or a similar alkaline catalyst. A suitable amount of the catalyst to be used should be 
also selected. Although this will depend more or less on the degree of saponification and on the 
water content and similar factors, a mol ratio above 0.001 per vinyl ester units is desirable, while 
more than 0.002 should be preferably used. On the other hand, if the alkali amount is too high, 
this will make it difficult to remove the residual alkali present in the polymer and it will also 
cause coloring of the polymer, etc., which is not desirable. The mol ratio thus should be less than 
0.2. Further, when the carboxyl group or ester group or the like present in the polyvinyl ester- 
based polymer is reacted in the presence of an alkyl catalyst, if an alkyl consuming component is 
contained in the copolymer, it is necessary to use a corresponding amount of an alkali catalyst 
addition. The main-chain vinyl ester combination with thiolic acid ester at the end of a polyvinyl 
ester-based polymer having a thiolic acid ester base at the end enables saponification by this 
saponification reaction. While at the end of the polymer, vinyl alcohol is created with the main 
chain in the mercapto group, the degree of saponification of the main-chain vinyl ester unit can 
be modified depending on the purpose for which the polymer will be used. The polymer 
precipitated after the saponification reaction can be refined for example by washing it with 
methanol or by using another well known method, the residual alkali, alkali acetate metal salts or 
other impurities are removed and a common white powder can be obtained by drying. 

While a manufacturing method using the PVA type of polymer having a mercapto group 
at the end was described above as employed in the present invention, a suitable polymerization 
degree of this PVA-based polymer is less than 3,500, although less than 2,000 is preferable and 
less than 1,000 is even more preferable. Further, the content amount of A should be in the range 
of 50 ~ 100 mol%, although more than 70 mol% is preferable fi-om the viewpoint of water 
solubility. 

Next, the method used to perform radical-polymerization in the presence of a PVA-based 
polymer containing a mercapto group at the end used in this invention will be described. 

It is possible to use a well known polymerization method in order to achieve the purpose 
of this invention, for example the bulk polymerization, solution polymerization, pearl 
polymerization, and emulsion polymerization method can be used, although it is desirable to use 
a solvent enabling to dissolve a PVA-based polymer as polymerization is conducted in a solvent 
having as its main component for example water or dimethyl sulfoxide. Further, either the batch 
method, the half-batch method or the continuous method can be utilized for the polymerization 
process. 

In order to obtain the block copolymer of this invention, although it is possible to use for 
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radical polymerization a polymerization system that can be selected for instance from 2,2'- 
azobisisobutylonitrile, benzoyl peroxide, lauroyl peroxide, diisopropyl peroxycarbonate, calcium 
persulfate, ammonium persulfate or the like to achieve polymerization, in case of aqueous 
polymerization it is also possible to use a redux initiator with an oxidation agent such as 
potassium bromate and a mercapto group at the end of PVA, or potassium persulfate, ammonium 
persulfate, hydrogen persulfate or a similar oxidation agent. 

[page 4] 

Among these agents, potassium bromate is particularly suitable for synthesis of the block 
copolymer of this invention, as it does not generate under normal polymerization conditions an 
individual radical, since a radical is generated only by dissolution caused by a redux reaction 
with the mercapto group at the end of PVA. 

When radical polymerization is conducted according to this invention in the presence of a 
PVA-based polymer having a mercapto group at the end, it is particularly important and 
desirable to ensure that the polymer type is acidic. This is desirable because a mercapto group in 
the presence of basic characteristics will result in additional ions being added to a double 
monomer bond, as well as an increased dissipation speed and a much lower polymerization 
effect. As long as aqueous polymerization is conducted, all operations involving polymerization 
should be conducted with a pH value of less than 4. 

While no particular limitations are imposed on the structure of polymerization using other 
components of a block copolymer having as one component the PVA-based polymer of this 
invention, created with a single monomer of a radical polymerization enabling a monomer or 
with a random copolymer, or to its composition, molecular weight, molecular weight distribution 
and similar conditions, a desirable weight ratio between the PVA-based polymer and other 
polymer components is expressed as (other component polymer weight) / (PVA-based polymer 
weight) = 0.1 ~ 20, wherein even more desirable ratio is expressed as (other component polymer 
weight) / (PVA-based polymer weight) = 0.5-10. 

For the radical (co)polymerizable monomer of this invention can be used ethylene, 
propylene, isobutylene or a similar olefin, polj^inyl chloride, vinyl fluoride, vinylidene chloride, 
vinylidene fluoride or a similar halogenized olefin, vinyl formate, vinyl acetate, vinyl propionate, 
vinyl versatate or a similar vinyl ester, an acrylate, methacrylate and esters thereof such as 
methyl acrylate, ethyl acrylate, 2-ethylhexyl acrylate, dodecyl acrylate, 2-hydroxyethyl acrylate, 
methyl methacrylate, ethyl methacrylate, butyl methacrylate, 2-ethylhexyl methacrylate, dodecyl 
methacrylate, 2-hydroxyethyl methacrylate, dimethyl aminoethylene methacrylate, dimethyl 
aminoethyl acrylate, dimethyl aminoethyl methacrylate and quaternary compounds thereof, 
acrylamide, methacylamide, N-methylol acrylamide, N-N-dimethylacrylamide, acrylamide-2- 
methyl propansulfonate and acryalmide-based monomers of sodium salts thereof, styrene, a- 
methyl styrene, p-styrene sulfonate and sodium salts thereof, a potassium salt or a similar 
styrene-based monomer, or N- vinyl pyrrolidone and other examples can be named. 
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Because the manufacturing method provided to manufacture a block copolymer having as 
one component the PVA-based polymer of this invention is a method used to manufacture a 
block copolymer containing as one component a PVA-based polymer having a very wide range 
of properties, it is possible to modify the composition in the case of a copolymer, as well as the 
degree of polymerization of the PVA having a mercapto group at the end, or the degree of 
saponification, and any suitable combination can be selected from a group of radical- 
polymerizable monomers having other polymer components and molecular weight. For example, 
if for the other component weight monomer is used a monomer wherein an acrylate or aqueous 
polymer is added such as p-styrene sulfonate sodium or acryl amide methacrylate dimethyl 
aminoethyl, the obtained copolymer will be aqueous, and if aqueous polymerization is 
performed, the block copolymer can be used after the polymerization as is as an aqueous 
solution, hi addition, if the polymer is ester acrylate, ester methacrylate or a similar polymer 
insoluble in water, polymerization is also conducted under aqueous polymerization conditions, 
an emulsion form is created and this form can be used as is after the polymerization. 

According to still other characteristics of the manufacturing method of this invention, in 
accordance with the method of this invention, a block copolymer of a PVA-based polymer can 
be obtained as a polj^inyl ester type that is not alkali-resistant, or ester polyacrylate, etc. 
Although a block copolymer having as one component a PVA-based polymer can be also 
obtained with saponification of a block polymer having as one component a polyvinyl ester- 
based polymer, if the other component polymer is not alkali-resistant and a polyvinyl ester or a 
polyacrylate ester is used as mentioned above, the polymer will be also subjected to hydrolysis in 
the saponification stage and the target block copolymer will not be obtained, 
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Because the block copolymer having as one component the PVA-based polymer obtained 
in this invention has the above mentioned wide range of properties, and since these properties 
can be combined with a blend of other polymers, for instance with a polymer having as one 
component a block copolymer and with other components, optimal characteristics such as 
compatibility with different application types can thus be achieved. It can be used for a number 
of applications, for example as a size agent intemally added to paper material, as a sizing agent 
for paper surface, surface agent for paper coating, size agent for fiber products, light yam sizing 
agent, fiber processing agent, paint, coating agent for a glass fiber, metallic surface coating 
agent, explosion-preventing coating agent, for timber, paper, aluminum foil, adhesive agents 
containing a plastic or the like, for an unwoven yam binder, fiber-shaped binder, binder for a 
gypsum board and a fiber plate or a similar construction material, for bulking agents for various 
types of emulsion-based adhesives, as an additive for a urea resin-based adhesive, inorganic 
binder or an additive for cement, mortar or ceramic materials, for various types of adhesive 
agents such as a pressure sensitive adhesive, ethylene, styrene, vinyl acetate, (metha)acrylate 
ester, polyvinyl chloride, vinylidene chloride, emulsion dispersant for acrylonitrile or similar 
ethylene-based non- foaming monomer and butadiene-based monomer, in paint and dispersion 
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stabilizer for suspension monomers such as adhesive and pigment dispersing agents, molding 
agents for polyvinyl chloride, vinylidene chloride, styrene, (metha)acrylate ester, vinyl ester and 
various other types of ethylene-based non-foaming monomers, fibers, films sheets, pipes, tubes, 
aqueous fibers, molding material for interim membranes and the like, hydrophilic additive agents 
for hydrophilic resins, blending agents for complex fibers, films and other molding materials 
such synthetic resins requiring blending agents, soil improving agents, soil stabilizing agents, 
Ught-sensitive resign, and a wide range of other applications is possible. 

The present invention will now be explained based on a concrete example of the 
invention, while this explanation does not limit this invention in any manner. In addition, the 
terms parts and % used throughout the examples relate in each case to a weight standard. 

(PVA-Based Polymer Having A Mercapto Group At The End) 

(No. 1) 

2400 parts of vinyl acetate (hereinafter abbreviated as VAc) was placed into a reactor, 
together with 580 parts of methanol and 0.93 parts of thiolacetic acid, and after nitrogen 
substitution was achieved to a sufficient extent in the inner part, the temperature outside rose to 
65 °C. At the point when inner temperature reached 60°C, 20 parts of methanol containing 0.868 
parts of 2,2-azobisisobutylonitrile was added, hnmediately thereafter, 60 parts of a methanol 
solution containing 17.4 parts of thiolacetic acid was added homogeneously over a period of 5 
hours. After 5 hours, the polymerization rate was 50.4%. After 5 hours, the container was cooled, 
the remaining VAc was expelled under reduced pressure together with methanol outside of the 
system, and while methanol adding operations were conducted, a PVAc methanol solution was 
obtained. One part of the methanol solution (with a concentration of 64.5%) was taken and 
NaOH methanol solution was added so as to create (NaOH) / (VAc) = 0.05 (mol ratio), and after 
saponification at 40 °C, PVA was created. Thereafter, PVA was refined with Soxhlet washing, 
(r|) was measured in water at SO^'C, the degree of polymerization calculated at the point when 
(t]) = 7.51 x 10"^ X P"^^"^ was 130 and the degree of saponification was measured as 98.6%. 

Next, using the refined PVA, when the mercapto group contained in PVA was 
determined with a method using the iodate method, the presence of the mercapto group was 
confirmed at 1.87 x 10"^ equivalent/g -PVA. 

(No. 2), (No. 3) 

Using the same method as in No. 1, polymerization was conducted while the amount of 
thiolacetic acid was changed. Saponification was conducted and PVA-based polymer having a 
mercapto base at the end was obtained. Table 1 lists the polymerization conditions and the 
results. 
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Table 1 



PVA No. 


Thiolacetic Acid (Parts) 


PVA Properties 


Initial 


Continuous 


Saponification Degree 
(mol %) 


(SH) 
(Equivalent/g) 


Polymerization 
Degree 


No. 2 


0.45 


8.41 


98.7 


1.30 X 10"* 


250 


No. 3 


0.29 


5.40 


99.0 


9.08 X 10"^ 


412 



(The PVAC concentration during saponification was 40%). 



(No. 4) 

One part of the methanol solution of PVAc obtained during polymerization of No. 2 was 
used, the PVAc concentration was 40%, and when saponification was conducted under the 
conditions including (NaOH)/(VAc) = 0.010 (mol ratio) and 40°C, a partial saponification 
product was obtained. The results are shown in Table 2. 
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Table 2 



PVA No. 


Saponification Degree (mol %) 


(SH) (Equivalent/g) 


Polymerization Degree 


No. 4 


86.5 


1.35 X 10"^ 


240 



Embodiment 1 



110 parts of distilled water was added to 10 parts of the PVA of No. 1, the PVA was 
dissolved at 95 "^C, cooled xmder a nitrogen current to 30°C and after nitrogen substitution has 
been performed first, 10 parts of acrylic acid was added. Next, the entire amount of an aqueous 
solution obtained with 0.32 parts of potassium bromate substituted by nitrogen and dissolved in 
10 parts of distilled water was added and polymerization was begun at BO^'C. When the 
polymerization was ended in 2 hours, the rate of polymerization was 100,1%, and a block 
copolymer aqueous solution of PVA-polyacrylate having a solid content concentration of 13.4% 
was obtained. 

Embodiment 2 

108 parts of distilled water was added to 10 parts of the PVA of No. 3, the PVA was 
dissolved at 95 °C, cooled to room temperature under a nitrogen current, and after nitrogen 
substitution has been performed first, 10 parts of acrylic acid was added. Next, the temperature 
was raised to 60 ""C, and after nitrogen substitution of 0.152 parts of potassium bromate. 
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polymerization of an aqueous solution dissolved in 12 parts of added distilled water was begun. 

The addition of an aqueous solution of potassium bromate was performed 
homogeneously with a speed of 2 ml/5 minutes during a period of 30 minutes. Polymerization 
was completed in 1 hour, the rate of polymerization was 101.4%, and a block copolymer aqueous 
solution of PVA-polyacrylate having a solid content concentration of 14.9% was obtained. 

Embodiment 3 

108 parts of distilled water was added to 10 parts of PVA of No. 2, dissolved in PVA at 
95 °C and cooled to room temperature, N/2 - H2SO4 was added and after the mixture was 
adjusted to pH = 3, 10 parts of acryl amide was added and after the mixture was dissolved, 
nitrogen substitution was performed and the temperature was raised to 60 °C. At this point, after 
0.217 g of potassium bromate was substituted by nitrogen and dissolved in distilled water, 
addition of the aqueous solution was started and polymerization was begun. The addition of an 
aqueous solution of potassium bromate was conducted homogeneously with a speed of 2 
ml/minute for a period of 30 minutes. When the polymerization was completed in 90 minutes, 
the rate of polymerization was 101.7% and an aqueous solution of a block copolymer of PVA- 
polyacryl amide with a solid content concentration of 14.5% was obtained. 

Casting of a 5% aqueous solution of block copolymer of PVA-polyacryl amide obtained 
in Embodiment 3 was used to create a film. On the other hand, casting of an adjusted 5% 
aqueous solution of this block copolymer and the same combination of PVA and polyacryl amide 
was also used to create film. While the film obtained fi'om the block copolymer was unifomily 
transparent, the film obtained fi^om the mixture had a white, clouded appearance and the 
separation of phases was clearly visible. 

Embodiments 4 ~ 7 



Using the same method as in Embodiment 3, a block copolymer having PVA as one 
component was synthesized. The polymerization conditions and the results are shown in Table 3 . 

Table 3 



Emb. 


Water 


PVA 


Monomer 


KBrOa 


Polymerization Result 


No. 


Amount 


Type 


Amount 


Amount 


Addition 
Time (min) 


Time 
(hr) 


Polymeriz. 
Rate (%) 


Solid 
Content (%) 


4 


120 


2 


10 


DMA 


10 


0.217 


60 


1.5 


99.3 


14.1 


5 


120 


2 


10 


EA 
AA 


9.5 
0.5 


0-217 


60 


1.5 


96.8 


13.9 


6 


120 


3 


10 


VAc 


10 


0.152 


60 


2.0 


100.2 


14.3 


7 


120 


1 


10 


St 


10 


0.320 


60 


2.0 


98.5 


14.0 
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DMA: N,N-dimethyl acryl amide 
EA: ester acrylate 
AA: acrylic acid 
VAc: vinyl acetate 
St: styrene 

A film was then created by casting from the 5% aqueous solution of the block copolymer 
of the PVA-poly N,N-dimethyl acryl amide obtained in Embodiment 4. On the other hand, a 5% 
aqueous solution of this block copolymer and the same combination of PVA and poly N^N- 
dimethyl acryl amide was prepared to form a film by casting. Although the film obtained from 
the block copolymer was uniformly transparent, the film obtained from the mixture had a white, 
clouded appearance and the separation of phases was clearly visible. 

Embodiment 8 

110 parts of distilled water was added to 10 parts of PVA No. 3, the PVA was dissolved 
at 95°C and cooled to room temperature. 

After N2/2 - H2SO4 was added and pH was adjusted to pH = 3, 10 parts of acryl amide 
was added and after dissolution, nitrogen substitution was performed and the temperature was 
raised to 60 °C. At this point, the entire amount of the aqueous solution dissolved in distilled 
water after nitrogen substitution of 0.2 g of potassium persulfate was added and polymerization 
was begun. When the polymerization ended after 2 hours, the polymerization rate was 99.7% and 
an aqueous solution of a block copolymer of PVA - polyacryl amide having 14.5% of solid 
content was obtained. A film was then obtained by casting from a 5Vo aqueous solution of a 
block copolymer of PVA - polyacryl amide obtained in Embodiment 8. 
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On the other hand, a 5% aqueous solution of polyacryl nitrile amid and this block 
copolymer and the PVA having the same composition was prepared and a film was formed by 
casting. Although the film formed from the block copolymer was uniformly transparent, the film 
obtained from the mixture had a white, clouded appearance and the separation of phases was 
clearly visible. 

Embodiment 9 

Using the same method as in Embodiment 8, polymerization was conducted while the 
monomer was changed to methyl acrylate. The polymerization was finished in 2 hours, the 
polymerization rate was 99.6%, and a block copolymer of PVA - methyl polyacrylate was 
obtained as an emulsion with a solid concentration of 14.3%. 
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Embodiment 10 

After 43 parts of distilled water was added to 10 parts of a 30% aqueous solution of the 
PVA of No. 1, pH was adjusted with N/2 - H2SO4 to pH - 3, 40 parts of methanol and 17 part of 
methyl methacrylate was added and nitrogen substitution was performed. Next, the temperature 
was raised to 65 0.034 parts of 2,2*-azobisisobutylonitrile was substituted by nitrogen, an 
initiating agent dissolved in 10 parts of methanol was added and polymerization was begun. 
After 6 hours of polymerization, the polymerization rate was 98% and a block copolymer of 
PVA - methyl polymethacrylate was obtained in the form of a partial precipitate. 

Embodiment 1 1 

Except for the fact that the PVA of No. 4 was employed, polymerization was conducted 
entirely in the same manner as in Embodiment 2. The polymerization rate was 100.5%, and a 
block copolymer aqueous solution of PVA - polyacrylate with a solid concentration of 14.7% 
was obtained. 
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